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During t h e  y e a r s  p r i o r  t o  World War 11, thousands of gas  producers  of t h e  
Wellman-Galusha type  were u t i l i z e d  i n  t h e  United S t a t e s  t o  convert  c o a l  t o  low 
BTU gas .  
u t i l i t y  and i n d u s t r i a l  a p p l i c a t i o n s .  

c o s t  n a t u r a l  gas  t o  eastern markets .  The s m a l l  g a s i f i e r  could no longer  com- 
p e t e  and t h e s e  i n s t a l l a t i o n s  were closed u n t i l  on ly  t h r e e  s t i l l  opera te .  

t o  deregula te  the  p r i c e  of n a t u r a l  gas .  It t h e r e f o r e  appears  t h a t  t h e  s m a l l  
g a s i f i e r  may once aga in  become competi t ive and could provide a s u b s t a n t i a l  
volume of  i n d u s t r i a l  f u e l  g a s  f o r  use by American i n d u s t r y .  

z a t i o n  of low BTU gas  i n  i n d u s t r i a l  a p p l i c a t i o n s .  A t o t a l  of six ( 6 )  p r o j e c t s  
were undertaken wi th  p a r t i a l  funding by t h e  Federa l  Government. Four commer- 
c i a l l y  a v a i l a b l e  s m a l l  g a s i f i e r s  a r e  be ing  u t i l i z e d :  

These so c a l l e d  "small  g a s i f i e r s "  produced gas f o r  a l l  types  of 

After  World War 11, t h e  gas  t ransmiss ion  system w a s  expanded b r i n g i n g  low 

The energy b i l l  p r e s e n t l y  be ing  worked on by Congress i n c l u d e s  p r o v i s i o n s  

In t h e  s p r i n g  of  1976,  DOE i n i t i a t e d  a program t o  demonstrate  t h e  u t i l i -  

1. The Wellman-Galusha Three ( 3 )  P r o j e c t s  
2 .  The STOIC One (1) P r o j e c t  
3. The Wellman-Incandescent One (1) P r o j e c t  
4 .  The I G I  One (1) P r o j e c t  
The c o a l s  inc lude  a n t h r a c i t e  as w e l l  as bi tuminous from Wyoming, Utah and 

1. Fuel  f o r  b r i c k  k i l n s .  
2 .  Boi le r  feed  f o r  space h e a t i n g  of  campus b u i l d i n g s .  
3. Boi le r  feed  f o r  h e a t i n g  and c o o l i n g  of  housing,  shopping 

c e n t e r s ,  s c h o o l s ,  i n d u s t r i a l  park ,  e tc .  
4 .  B o i l e r  feed  f o r  process  s t e a m  and spray  dry ing  of  m i l k  whey. 
5. Fuel  f o r  tunnel  k i l n s  and dryers .  
6. Fue l  f o r  an i n d u s t r i a l  park. 
The range of gas c lean-up f o r  t h e s e  p r o j e c t s  is :  
1. Hot raw gas (no t rea tment  a f t e r  l e a v i n g  g a s i f i e r ) .  
2 .  Gas t h a t  has  t a r  and p a r t i c u l a t e s  removed. 
3 .  G a s  w i t h  complete clean-up inc luding  d e s u l f u r i z a t i o n .  
In a d d i t i o n  t o  t h e s e  f e d e r a l l y  funded p r o j e c t s  s e v e r a l  p r i v a t e l y  funded 

commercial p r o j e c t s  have got ten  underway. 
Le t ' s  t a k e  a d e t a i l e d  look a t  the  " s m a l l  g a s i f i e r " :  
Figure 1 shows t h e  Wellman-Galusha g a s i f i e r .  
In a d d i t i o n  t o  t h e  types  mentioned above, o t h e r  s m a l l  g a s i f i e r s  inc lude  

This equipment i s  a se l f -conta ined  u n i t  and r e q u i r e s  no  investment f o r  

E a s t e r n  Kentucky. The a p p l i c a t i o n s  a r e :  

Wi lput te  and Riley Morgan. 

a b o i l e r  p l a n t  when producing low BTU gas .  Adequate p r o v i s i o n  f o r  steam f o r  gas 
making is inc luded  i n  t h e  engineer ing  des ign  of  t h e  p l a n t .  
s t o r a g e  b i n s  a r e  provided  as an i n t e g r a l  p a r t  o f  t h e  u n i t .  This f i x e d  bed gasi-  
f i e r  opera tes  a t  a tmospher ic  pressure .  

t i o n  i s  a s t o r a g e  b i n  and is u s u a l l y  f i l l e d  by a bucket  e l e v a t o r .  
compartment is s e p a r a t e d  from t h e  upper compartment by d i s c  v a l v e s  through which 
f u e l  i s  fed as requi red .  S i m i l a r  va lves  cover  t h e  en t rance  of each of t h e  

Ample f u e l  and ash 

A two compartment f u e l  b i n  forms t h e  t o p  of t h e  machine. The upper sec- 
The lower 
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FIGURE 1. Wellman - Galusha Agitotor Type Gas Producer 
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heavy s t e e l  p i p e s  connec t ing  t h e  lower b i n  t o  t h e  f i r e  chamber, Fue l  from t h e  
lower bin flows cont inous ly  through t h e s e  feed  p ipes  t o  f i l l  t h e  f i r e  chamber. 

Fuel feed  p i p e  v a l v e s  a r e  normally open, b u t  f o r  b r i e f  i n t e r v a l s  they  a r e  
c losed ,  d u r i n g  which t i m e  t h e  upper va lves  i n  t h e  lower compartment a r e  open i n  
order  to  f i l l  t h e  f e e d i n g  compartment wi th  f u e l .  A s imple  i n t e r l o c k i n g  mecha- 
nism prevents  t h e  opening  of t h e  upper v a l v e s  u n l e s s  a l l  lower v a l v e s  are 
t i g h t l y  c losed .  I t  a l s o  prevents  opening any lower va lves  whi le  any t o p  va lve  
i s  open. This  p r e v e n t s  t h e  escape of gas from t h e  gas  making chamber through 
t h e  coal  compartments t o  t h e  atmosphere. 

The gas making chamber is completely water j a c k e t e d .  Waste h e a t  i n  t h e  
water  j a c k e t  g e n e r a t e s  steam requi red  f o r  making gas .  Steam and a i r  a r e  i n t r o -  
duced a t  t h e  bottom o f  t h e  bed. The bed i s  suppor ted  by revolv ing  g r a t e s  
through which dry a s h  i s  cont inous ly  e j e c t e d  t o  t h e  ash hopper. 

c a l l y  below t h e  s u r f a c e  of  t h e  f u e l  bed, r e t a r d s  channel ing and main ta ins  a 
uniform f u e l  bed. This f a c i l i t a t e s  t h e  product ion  of uniform q u a l i t y  gas .  

Raw gas c o n t a i n i n g  p a r t i c u l a t e s ,  tars,  o i l s ,  hydrogen s u l f i d e ,  e tc . ,  
leaves  t h e  g a s i f i e r  at  a temperature  of  between 800°F and 1250'F. 

These s m a l l  g a s i f i e r s  a r e  designed t o  produce e i t h e r  low BTU gas o r  i n t e r -  
mediate BTU gas. 
and is produced by u s i n g  a i r  i n  t h e  g a s i f i e r .  
ing  value of approximately 300 BTU/SCF and is produced by u s i n g  oxygen i n  t h e  
g a s i f i e r .  
ing  value of approximately 1000 BTU/SCF. 

s t e p s  i n  t h e  manufacture of c lean  gas  from r e c e i p t  of c o a l  through s u l f u r  re- 
moval. 

systems. There a r e  s i x t e e n  (16) cases considered:  l A ,  l B ,  1 C  and 1 D ;  2A, 2B, 
2C and 2D;  5A, 5B, 5C and 5D; 10A, 10B, 1 O C  and 10D. The numbers i n d i c a t e  t h e  
number of g a s i f i e r s  i n  t h e  p l a n t  - one, two, f i v e  o r  ten .  The let ters A ,  B, 
C and D r e f e r  t o  t h e  type  of g a s  produced and t h e  type and cos t  o f  c o a l  used. 
Cases A and B are air-blown g a s i f i e r s  which produce low BTU gas  - about  150 BTU 
p e r  cu. f t .  Cases C and D are oxygen-blown g a s i f i e r s  which produce medium BTU 
gas  - about 300 BTU p e r  cu. f t .  
ton is u t i l i z e d  w h i l e  i n  cases  B and D l o w  s u l f u r  coa l  a t  $35 p e r  t o n  is used. 

The second l i n e  of Table  1 shows t h e  Coal Feed t o  t h e  system i n  t o n s  per  
day of s i z e d  coa l  (2" x 1-1/4"). Severa l  t h i n g s  should be noted: t h e  e f f e c t  
of modules and t h e  e f f e c t  of t h e  use  of  oxygen. 
and 1 0  g a s i f i e r  c a s e s  is  2,  5 and 10 t i m e s  t h a t  o f  t h e  comparable s i n g l e  gas- 
i f i e r  cases .  When oxygen i s  used i n s t e a d  of a i r ,  t h e  coa l  feed (and r e s u l t a n t  
BTU conversion)  is s u b s t a n t i a l l y  increased  - 132 tons  p e r  day v e r s u s  78 tOnS 
per day f o r  t h e  s i n g l e  g a s i f i e r  cases .  

The informat ion  r e l e v a n t  to  Gas Product ion i s  shown on t h e  next  t h r e e  
lines of t h e  Table: m i l l i o n s  of s t a n d a r d  cubic  f e e t  p e r  day produced; t h e  
hea t ing  v a l u e  of t h e  gases  produced (158 BTU p e r  cu. f t .  air-blown and 285 BTU 
p e r  cu. f t .  f o r  oxygen-blown); and t h e  t o t a l  BTU produced i n  b i l l i o n s  p e r  day. 

You w i l l  n o t e  t h a t  a lmost  40% more BTU are produced f o r  a given number 
of g a s i f i e r s  by u s i n g  oxygen i n s t e a d  of air. 

The next  l i n e  shows t h e  l a n d  a r e a  requi red .  
based on s t o r i n g  30 days c o a l  supply. 

The l i n e  "Total  P l a n t  Investment" i n  c u r r e n t  d o l l a r s ,  inc ludes  c o a l  
s torage  and handl ing ,  g a s i f i c a t i o n ,  p a r t i c u l a t e  removal, tar removal, ash  d is -  
p o s a l ,  and w a s t e  w a t e r  t rea tment  and d i s p o s a l .  

For Cases A and C (High S u l f u r  Coal ) ,  s u l f u r  removal f a c i l i t i e s  are a l s o  
included.  Cases C and D (Oxygen-blown G a s i f i e r ) ,  oxygen p l a n t s  a r e  requi red .  
In  a l l  c a s e s ,  T o t a l  P l a n t  Investment i n c l u d e s  an Adminis t ra t ion and Maintenance 

A s lowly  r e v o l v i n g  water  cooled h o r i z o n t a l  a r m ,  which a l s o  s p i r a l s  v e r t i -  

Low BTU gas has  a h e a t i n g  v a l u e  of approximately 150 BTU/SCF 
In termedia te  BTU gas has  a hea t -  

For comparison purposes ,  n a t u r a l  gas of  p i p e l i n e  q u a l i t y  has  a heat-  

Figure 2 is  a s i m p l i f i e d  flow diagram showing t h e  v a r i o u s  process ing  

Table  1 summarizes t h e  c a p i t a l  c o s t s  and o p e r a t i n g  c o s t s  of  smal l  g a s i f i e r  

In cases  A and C high s u l f u r  c o a l  a t  $25 per  

The c o a l  usage i n  the  2 ,  5 ,  

These l a n d  requirements  are 
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Building,  but excludes land c o s t s .  
u t i l i t i e s  w i l l  be purchased. Therefore ,  no c a p i t a l  c o s t s  a r e  included f o r  
cool ing  water, steam genera t ion  and compressed a i r  f a c i l i t i e s .  

It i s  expected t h a t  S m a l l  G a s i f i e r  F a c i l i t i e s  w i l l  b e  g e n e r a l l y  l o c a t e d  
near  an e x i s t i n g  i n d u s t r i a l  f a c i l i t y .  
t reatment  f a c i l i t i e s  w i l l  e x i s t  a s  w e l l  as s u i t a b l e  o f f i c e  space  f o r  adminis- 
t r a t i o n  and maintenance f a c i l i t i e s .  
t h e  d e l e t i o n  of  t h e s e  items from T o t a l  P l a n t  Investment. 

anyone cons ider ing  b u i l d i n g  a c o a l  g a s i f i c a t i o n  f a c i l i t y .  They have been ca l -  
cu la ted  on f o u r  d i f f e r e n t  bases .  The f i r s t  l i n e ,  ( I ) ,  r e s u l t s  from use o f  t h e  
U t i l i t y  Financing Method a s  o u t l i n e d  in ERDA's  Gas Cost Guide l ines .  The c o s t s  
s t a t e d  are average gas c o s t s  and e n t a i l  use  of t h e  fo l lowing  parameters :  

For a l l  cases, i t  i s  assumed t h a t  needed 

Therefore ,  i n  many c a s e s  was te  water  

The l i n e  Adjusted P l a n t  Investment r e f l e c t s  

The l a s t  group of numbers, Estimated Gas Cos ts ,  a r e  most s i g n i f i c a n t  t o  

1. 20-year p r o j e c t  l i f e .  
2. 20-year s t r a i g h t - l i n e  d e p r e c i a t i o n  on p l a n t  investment ,  

allowance f o r  funds used dur ing  c o n s t r u c t i o n  and c a p i t a l i z e d  
p o r t i o n  of s t a r t - u p  c o s t s .  

3.  Debt-equity r a t i o  of 75/25. 
4. Percent  i n t e r e s t  on debt  of  9 percent .  
5. 
6. Federa l  income t a x  rate o f  4 8  percent .  
ERDA maintenance c o s t s  a r e  p r o p o r t i o n a l  t o  t h e  p l a n t  s e c t i o n  investment 
1. 6 percent  f o r  c o a l  feed  p r e p a r a t i o n ,  c o a l  g a s i f i c a t i o n ,  gas quench 

2. 3 percent  f o r  s u l f u r  recovery,  product  gas compression and dry ing ,  

3. 1 percent  f o r  a l l  o t h e r  o f f s i t e s .  
We used 3 percent  of t o t a l  p l a n t  investment as a s i m p l i f i c a t i o n .  
Included i n  t h e  t o t a l  c a p i t a l  requirements  a r e :  
1. Est imated i n s t a l l e d  c o s t  of bo th  o n s i t e  and o f f s i t e  f a c i l i t i e s .  
2 .  P r o j e c t  contingency at  15 percent  of t h e  es t imated  c o s t  of  t h e  

3. I n i t i a l  charge of c a t a l y s t  and chemicals .  
4 .  Paid-up r o y a l t i e s .  
5. Allowance f o r  funds used during cons t ruc t ion .  
6. S ta r t -up  c o s t s .  
7. Working c a p i t a l .  
Operat ing c o s t s  a r e  based on a 90 percent  p l a n t  s e r v i c e  f a c t o r .  

1. Purchased u t i l i t i e s .  
2 .  Raw m a t e r i a l s  
3. C a t a l y s t s  and chemicals. 
4 .  Purchased water .  
5. Labor. 
6 .  Adminis t ra t ion.  
7. Suppl ies .  
8. Local t a x e s  and insurance .  
9. Ash d isposa l .  
No c r e d i t  is taken f o r  byproducts such a s  s u l f u r ,  t a r s ,  o i l s ,  etc. A s  

P e r c e n t  r e t u r n  on equi ty  of 1 5  percent  a f t e r  taxes. 

and s o l i d s  removal. 

oxygen p l a n t ,  l i q u i d  and s o l i d  e f f l u e n t  t r e a t i n g  and water t r e a t i n g .  

f a c i l i t i e s .  

Included 
i n  o p e r a t i n g  c o s t s  are: 

s t a t e d  above, i t  i s  assumed t h a t  power, steam and water  w i l l  b e  purchased. The 
cos t  o f  power i s  2.7C p e r  KW hour. Steam c o s t  i s  assumed t o  be $3.14 per 1000 
pounds. Cooling water  is 3 . 8 ~  per  1000 g a l l o n s  and make-up water 4 0 ~  p e r  1000 
ga l lons .  

The gas c o s t s  r e s u l t i n g  from t h e s e  c a l c u l a t i o n s  range from $2.37 per  
m i l l i o n  BTU f o r  t h e  1 0  air-blown g a s i f i e r  system t o  $5.35 f o r  t h e  s i n g l e  oxygen 
blown g a s i f i e r  system. These gas  c o s t s  are based on t h e  U t i l i t y  F inancing  
)lethod and a r e  s l i g h t l y  d i f f e r e n t  from t h e  c o s t s  which r e s u l t  from i n c o r p o r a t i n g  
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commercial f i n a n c i n g  c o n s i d e r a t i o n s  and p r i v a t e  i n v e s t o r  r e t u r n  requirements .  
The same parameters  and method of c a l c u l a t i o n  were used t o  determine the  

g a s  c o s t s  shown on t h e  n e x t  l i n e ,  (2 ) ,  Adjusted P l a n t  Investment ,  U t i l i t y  
Financing.  A s  i n d i c a t e d  above, t h e  Adjusted Investment r e f e r s  t o  t h e  d e l e t i o n  
of t h e  Adminis t ra t ion Bui ld ing  and Waste Water Treatment F a c i l i t i e s  from t h e  
G a s i f i e r  System. Costs  f o r  comparable c a s e s  a r e  s l i g h t l y  reduced as expected.  

Providing 100% e q u i t y  w i t h  z e r o  r e t u r n  on investment r e s u l t s  i n  sub- 
s t a n t i a l l y  lower gas  c o s t  a s  shown on l i n e  (3 )  - t h e  range of  c o s t s  is from 
$2.06 per  mi l l ion  BTU t o  $4.45 p e r  m i l l i o n  B'F'LT. 

With a d j u s t e d  inves tment ,  t h e s e  gas  c o s t s  are reduced even f u r t h e r  as 
shown on l i n e  ( 4 ) .  

Some g e n e r a l  conclus ions  can b e  drawn from t h e  gas c o s t  c a l c u l a t i o n s :  
1. The l a r g e r  t h e  p l a n t ,  the  lower t h e  c o s t  of t h e  gas produced. 
2. The c o s t  of  150 BTU g a s  is less than t h e  c o s t  of 300 BTU gas. 
3. The c o s t  of  producing gas by t h i s  s m a l l  g a s i f i e r  system is  

lower than  any o t h e r  known technology. This has  been sub- 
s t a n t i a t e d  by s t u d i e s  performed by Dravo on f a c i l i t i e s  up to  
approximately 25 b i l l i o n  BTU p e r  day. I n d i c a t i o n s  are t h a t  
t h e  s m a l l  g a s i f i e r  is compet i t ive  f o r  f a c i l i t i e s  of cons iderably  
h igher  c a p a c i t i e s .  

A l l  of the  c o s t s  d i s c u s s e d  so  f a r  have been appl ied  t o  t h e  b a t t e r y  l i m i t s  
of t h e  g a s i f i e r  f a c i l i t y .  

When an e x i s t i n g  p l a n t  i s  converted from u s e  of n a t u r a l  gas t o  e i t h e r  
300 BTU gas o r  150 BTU g a s  changes must b e  considered i n  burners ,  f u e l  gas 
p i p i n g ,  ins t ruments ,  f l u e  gas p ip ing ,  compressors, forced  and induced d r a f t  
f a n s ,  exhaust  s tocks ,  etc. This  is n e c e s s i t a t e d  by t h e  changes i n  f u e l  gas  
volume, f l u e  gas volume and  flame temperatures .  

S p e c i a l  p recaut ions  must b e  taken w i t h  r e s p e c t  t o  t h e  t o x i c i t y  o f  t h e  gas 
produced. Both 150 BTU g a s  and 300 BTU gas  conta in  l a r g e  percentages of  carbon 
monoxide which is c o l o r l e s s  and odor less .  The t o x i c  e f f e c t s  of t h i s  gas  depend 
on t h e  concent ra t ion  l e v e l  and t i m e  of  exposure.  The d i s t r i b u t i o n  system, 
t h e r e f o r e ,  should i n c l u d e  va lv ing  and alarms a s  w e l l  as t h e  use of  an odorant .  

c o s t s  of producing t h e  f u e l  gas ,  b u t  a l s o  t h e  c o s t s  of adapt ing  t h e  e x i s t i n g  
p l a n t  t o  i t s  use. The s m a l l  g a s i f i e r  should  n o t  b e  considered t h e  answer t o  
every  c o a l  g a s i f i c a t i o n  problem. A s  the  s i z e  of  t h e  f a c i l i t y  i n c r e a s e s  o t h e r  
processes  such a s  Lurg i ,  Koppers-Totzek and Babcock and Wilcox must be con- 
s i d e r e d .  When second genera t ion  technology has  been proven those processes  
a l s o  must be considered.  

f o r  many i n d u s t r i a l  p l a n t s .  The d i s t r i b u t i o n  and r e t r o f i t  c o s t s  and t h e  
a p p l i c a t i o n s  of t h e  gas  a l o n g  wi th  t h e  b a t t e r y  l i m i t s  costs w i l l  determine 
whether t h e  gas produced should  b e  150 BTU o r  300 BTU. 
up" of t h i s  gas w i l l  depend upon environmental  r e g u l a t i o n s ,  process  requirements  
and t h e  coa l  used. 

The f e a s i b i l i t y  s t u d y  f o r  a given a p p l i c a t i o n  should inc lude  not  only t h e  

A t  the  present  t i m e ,  however, t h e  s m a l l  g a s i f i e r  is  a r e a l i s t i c  answer 

The degree of "clean- 
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